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Development of High Strength Magnesium Alloy Wire 


Yukihiro OISHI, Nozomu KAWABE, Akihito HOSHIMA, Youich OKAZAKI 
and Akira KISHIMOTO 


Magnesium is the lightest metal among all structural metal materials. Its density is less than one-quarter of that of iron and 
about two-third of that of aluminum. Magnesium alloy has high specific strength and high damping capacity, shields 
against electromagnetic interference, and can be easily recycled. These features make magnesium alloy ideal for use in 
portable electronic equipment and automotive parts. However, due to its crystal structure, magnesium alloy has poor 
workability at room temperature. Magnesium alloy goods were made only by die casting. Moreover, the alloy's strength 
and toughness needed to be further enhanced. By exploiting its unique technologies of drawing and heat treatment, 
Sumitomo Electric Industries, Ltd. succeeded in developing a high-strength, more flexible magnesium alloy wire. The ten- 
sile strength of this highly accurate magnesium alloy wire is about 20 percent higher than conventional extruded magne- 
sium alloy material. These features are largely due to the alloy's fine grain size. The developed high-strength magnesium 
alloy wire has a wide range of potential applications in reinforcement materials, welding wire, screws, leisure and sporting 
goods, and automotive parts. 


1. Introduction 


Table 1. Physical properties of Metals 


Magnesium is the lightest metal among all structur- 
al metals. Its density is less than one-quarter of that of 
iron and is about two-thirds of that of aluminum. 
Furthermore, magnesium alloy has high damping capac- 
ity, shields against electromagnetic interference, and 
can be easily recycled. These features make magnesium 
alloy ideal for use in portable electronic equipment, 
such as cellular phones and notebook PCs, and automo- 
tive parts. 

Most magnesium alloy products are manufactured 
through casting processes such as die-casting and thixo- 
molding. This is because magnesium has poor plastic 
formability at room temperature due to its crystal struc- 
ture. However, wrought magnesium alloy manufactured 
by the plastic forming process has excellent mechanical 
properties. Consequently, in order to expand the mag- 
nesium alloy product market, it is required that wrought 
alloy products as well as the cast alloy products be devel- 
oped to a greater extent hereafter. For this reason, 
there have been a number of studies on the plastic 
forming processes of magnesium alloy, such as rolling (1) , 
forging, and extrusion (2) - (3) . This paper provides the 
results of evaluations of tensile and fatigue properties of 
drawn magnesium alloy wire. 


2. Physical properties and formability 
of magnesium 

Table 1 shows the physical properties of magne- 
sium. Its density is 1.74 g/cm 3 , which is less than one- 
quarter of that of iron and two-thirds of that of alu- 
minum. Magnesium's melting point and specific heat 
are almost the same as those of aluminum. The Young's 
modulus and shear modulus of magnesium are about 
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two-thirds of those of aluminum. The electrical conduc- 
tivity and thermal conductivity of magnesium are rela- 
tively high. 

Figure 1 shows the lattice structure and slip systems 
of magnesium. Magnesium with a hexagonal close- 
packed (hep) crystal structure has poor formability at 
room temperature, because hep structure is deformed 
by basal slip of (000T)<1120> alone at low temperature. 
Magnesium has high ductility at elevated_ temperatures, 
because the prismatic slip system of {1010)<1120> and 
pyramidal slip system of {1011)<1120> can act only at 

<1120> □ <1120> □ <1120> □ 

(0001) □ 




Basal slip 


<,120> □ ,11T °' D 
Prismatic slip 

Fig. 1. Slip system of magnesium 
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high temperature. Therefore, commercially available 
magnesium is deformed as desired at elevated tempera- 
ture. For example, plastic processes for magnesium, 
such as rolling, forging and extrusion, are usually per- 
formed at elevated temperatures. Figure 2 shows a 
schematic of drawing process used in this study. In the 
process, a magnesium wire was preheated before being 
drawn. 


Thermo couple 
Die 


Block 


Mg alloy wire 



Heater 


Fig. 2. Schematic of wire drawing system 


3. Chemical composition 

Mg-Al-Zn alloys, which are widely used, were used in 
this development. Sumitomo Electric has developed a 
high strength magnesium alloy wire not by designing 
new alloys but by controlling the grain size of common 
alloys. The chemical compositions used for the develop- 
ment are shown in Table 2. They are AZ31 alloy and 
AZ61 alloy. AZ31 alloy includes 3% of Al and 1% of Zn. 
AZ61 alloy includes 6% of Al and 1% of Zn. 


Table 2. Chemical composition of Mg alloy 
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AZ61 
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Bal. 


4. Properties of developed magnesium alloy wire 

4-1 Experimental procedure 

The manufacturing process of specimens is shown 
in Fig. 3. An extruded material, which is 6.0 mm in 
diameter, was drawn to 3.0 mm in diameter. The drawn 
wire was subsequently heat-treated at various tempera- 
tures between 200°C and 450°C for one hour. The speci- 
mens were then subjected to the tensile test and fatigue 
test. To investigate the fatigue property, Nakamura-type 
rotating bending fatigue tests were carried out. The 


Extrudedl] | Drawing | | Heat treatment | | Evaluation] 

material ' 


number of the upper limits in cycles was fixed to lxl 0 8 . 
Another extruded wire, which is 3.0 mm in diameter, 
was similarly evaluated as a conventional material. 

4-2 Tensile property 

The tensile properties of the drawn AZ31 wire are 
shown in Fig. 4. This figure shows the effect of anneal- 
ing temperature on the tensile properties of AZ31. The 
arrows in the figure represent the tensile properties of 
the extruded material before being drawn. The points 
plotted at 20X2 of annealing temperature indicate the 
tensile properties of the as-drawn wire. The tensile 
strength (TS) of the as-drawn wire was about 1.4 times 
as high as that of the extruded material. The yield 
strength (YS) of the as-drawn wire was about 1.9 times as 
high as that of the extruded material. On the other 
hand, the elongation (EL) of the as-drawn wire was 
lower than that of the extruded material. 

Figure 4 shows that annealing temperature affects 
the tensile properties of the drawn wire. The tensile 
strength and yield strength decreased with an increase 
in the annealing temperature. At an annealing tempera- 
ture of 450 °C , the tensile strength and yield strength 
approached the value of the extruded material. On the 
other hand, the elongation and reduction of area (RA) 
increased by annealing. At an annealing temperature 
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Fig. 3. Manufacturing process of Mg alloy wire 


Fig. 4. Tensile proper lies of AZ31 alloy wire 
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above 200*0 , the elongation and reduction of area 
became constant. 

Figure 5 shows the effect of annealing temperature 
on the tensile properties of AZ61 alloy. The tensile 
strength of the as-drawn wire was about 1.3 times as high 
as that of the extruded material. The yield strength of 
the as-drawn wire was about 1.8 times as high as that of 
the extruded material. The tensile and yield strength 
decreased with an increase in the annealing tempera- 
ture. On the other hand, the elongation and the reduc- 
tion of area increased by annealing. The lowest anneal- 
ing temperature that can recover the elongation of 
AZ61 shifted to a higher temperature as compared with 
AZ31 alloy. This difference results from the fact that the 
recrystallization temperature of AZ61 is higher than that 
of AZ31. 
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Fig. 5. Tensile properties of AZ61 alloy wire 

The tensile properties of the extruded material, as- 
drawn wire, and annealed wire are shown in Fig. 6. For 
AZ31 alloy, the property of the annealed wire at a tem- 
perature of 200T) is plotted in this figure. For AZ61 
alloy, that of annealed wire at a temperature of 250 *C is 
plotted. The as-drawn wire was characterized by its high 
tensile strength and yield strength. The annealed wire 
was characterized by a good balance between strength 
and elongation. As a result, the ductility of the annealed 
wire was equivalent to that of the extruded material, 



AZ31 AZ61 
Fig. 6. Tensile properties of drawn wire and extruded wire 

while the tensile strength was higher than that of the 
extruded material. The tensile strength of the annealed 
AZ31 was 308MPa, and that of the annealed AZ61 was 
329MPa. These properties characterize the developed 


4-3 Microstructure 

Photo 1 shows the optical microstructures of the 
extruded, drawn and annealed wires. A longitudinal sec- 
tion of each wire was observed. The direction of the 
arrow corresponds to the axial direction of wire. The 
extruded wire had relatively large grains: in a typical 
case, 20.9 /i m. Deformed grains and a number of twin 
deformations were observed in the as-drawn wire. This 


(a) Extruded □ 

(b) As-drawn □ 

(c) Annealed at 200TC 

(d) Annealed at 40(fC 

(e) Annealed at 450T3 



(c) (e) 
Photo 1. Microstructure of AZ31 alloy wire 
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indicates that twin deformation contributes largely to 
the plastic deformation of the magnesium alloy. 
Re crystallized microstructures were observed in the 
wires annealed at temperature between 200 and 
450 *C . Figure 7 shows the relation between grain size 
and annealing temperature. The grain size increased 
with the rise in annealing temperature. This result indi- 
cates that the increase in the high tensile and yield 
strength of the as-drawn wire is due to work hardening. 
The tensile and yield strengths of the annealed wire 
depend on the recrystallized grain size. The relation 
between the yield strength and the square root of the 
grain size is shown in Fig. 8. The result of the extruded 
material is also plotted in this figure. The yield strength 
was proportional to the square root of the grain size, 
that is, obeying the Hall-Petch law. The grain size of the 
wire annealed at 200*C was 3.9 ju m. This fine grain size 
is one of the characteristics of the developed wire, and 
achieves a good balance between strength and ductility. 
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Fig. 7. Effect of annealing temperature on grain size 
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4-4 Fatigue property 

The result of rotating bending fatigue test for AZ31 
is shown in Fig. 9. The annealing temperature influ- 
enced the fatigue properties. The fatigue strength 
increased with an increase in the annealing tempera- 
ture. The high strength wire with fine grains had high 
fatigue strength. The fatigue strength of the extruded 
material was 90 MPa, whereas that of the wire annealed 
at 200*0 was 105 MPa. It is 17% higher than that of the 
extruded material. 

The fatigue property of AZ61 is shown Fig. 10. The 
fatigue strength of the extruded material was 90 MPa, 
whereas that of the wire annealed at 200 *C was 115 MPa. 
It is 44% higher than that of the extruded material. 
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Fig. 9. Effect of annealing temperature on fatigue strength (A231 alloy) 
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Fig. 8. Relationship between grain size and yield strength 
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Fig. 10. Effect of annealing temperature on fatigue strength (AZ61 alloy) 

4-5 Other characteristics 

The developed magnesium alloy wire and coiled 
springs are shown in Photo 2. The developed wire, 
which has high ductility, can be coiled at room tempera- 
ture. The springs in this photograph were coiled at 
room temperature. Photo 3 shows SEM images of the 
surface of the developed wire and of the conventional 
extruded material. The surface of the developed wire is 
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smoother than that of the extruded material. 

In the development, the authors also attained a 
capability to manufacture a fine magnesium alloy wire. 
The diameter of the finest wire that can be manufac- 
tured by drawing is 150 ji m. Furthermore, the manufac- 
turing of the wire having a non-round-shaped cross sec- 
tion has been accomplished. 



Photo 2. Magnesium wire and coiled springs 


SUB 







(a) Drawn wire (b) Extruded material 


Photo 3. SEM images of wire surface 

5. Conclusion 

Sumitomo Electric developed a magnesium alloy 
wire having higher tensile strength and fatigue strength 
than any conventional extruded magnesium alloy wire. 
Furthermore, the developed wire has high dimensional 
accuracy. It has a wide range of potential applications in 
reinforcement materials, welding wires, screws, leisure 
and sporting goods, and automotive parts. 
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Development of High-Strength Magnesium Alloy Wire — by Yukihiro Oishi. Nozomu Kawabe. Akihito Hoshima 
Yemen- Okazakrand Akira Kishimoto — Magnesium is the lightest metal among all structural metal materials. Its 
density is less than one-quarter of that of iron and about two-third of that of aluminum. Magnesium alloy has high 
spec, ,c strength and high, damping capacity, shields against electromagnetic interference; and can be easily 
recycled. These features make magnesium alloy ideal for use in portable electronic equipment and automotive parts 
However, due to its crystal structure, magnesium alloy has poor workability at room temperature. Magnesium ahoy 
goods were made only by die casting. Moreover, the alloy's strength and toughness needed to be further enhanced 
By exploiting its unique technologies of drawing and heat treatment, Sumitomo Electric Industries, Ltd. succeeded in 
developing a high-strength, more flexible magnesium alloy wire. The tensile strength of this highly accurate 
magnesium alloy wire- is about 20 percent higher than conventional extruded magnesium alloy material These 
features are largely due to the allo/s.fine grain size. The developed high-strength magnesium alloy wire has a wide 
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